Abstract It has been suggested that total cholesterol levels and the use of statin medications are associated with the incidence of complications after gastrointestinal surgery. The aim of this study was to determine if preoperative total cholesterol levels are associated with a higher risk of postoperative infections and mortality. A total of 2211 patients undergoing general surgical procedures between December 2006 and November 2008 at Iizuka Hospital and between January 2010 and March 2012 at Jichi Medical University Hospital were reviewed. Multiple logistic regression models were used to evaluate serum total cholesterol and other variables as predictors of postoperative nosocomial infections. Serum total cholesterol concentrations lower than 160 mg/dl were associated with an increased incidence of superficial and deep incisional surgical site infections. Serum total cholesterol levels showed a reverse J-shaped relationship with the development of organ space surgical site infection and pneumonia. There was no discernible effect of serum cholesterol levels on the postoperative mortality observed in this cohort of patients. Decreased serum albumin was one of the strongest risk factors for the development of nosocomial infection after surgery. Postoperative pneumonia was not observed in patients taking statin medications whose cholesterol levels were <200 mg/dl. Serum total cholesterol may be a valid predictor of surgical outcome. Preoperative statin use may affect the development of postoperative pneumonia in patients with total cholesterol levels below 200 mg/dl.
Introduction
Hypercholesterolemia has been associated with an increased incidence of coronary-heart-disease-related death and inversely related to deaths caused by some cancers, respiratory disease, digestive disease, and trauma [1, 2] . Low serum cholesterol is related to the development of organ dysfunction and mortality in critically ill surgical patients [3] . Some studies have demonstrated that very low density lipoprotein (VLDL) and chylomicrons, as well as high-density lipoprotein (HDL), (low-density lipoprotein (LDL) and cholesterol, can protect against endotoxin-induced sepsis [4] [5] [6] [7] [8] [9] [10] [11] [12] . We undertook this study to evaluate these parameters as predictors of the development of nosocomial infections in a group of 2211 patients undergoing various general surgical procedures.
Methods
This study was performed at Iizuka Hospital and at Jichi Medical University Hospital and was approved by the research ethical review committees of both institutions. The study population of 1031 patients from Iizuka Hospital was recruited from patients admitted to the General Surgery Service from December 2006 through November 2008. The study population of 1180 patients from Jichi Medical University Hospital was selected from patients admitted to the Department of Gastrointestinal Surgery between January 2010 and March 2012, for a total enrolment of 2211 patients. Critically ill patients with systemic inflammatory response syndrome (SIRS) or diffuse peritonitis or patients undergoing emergency surgery can become hypocholesterolemic at an early point in their illness [3] . Emergency surgery is associated with a higher incidence of wound infection [13] . Patients who underwent emergent operations were excluded from this study.
Variables that were considered to have a possible relationship with postoperative complications were assessed (listed in Table 1 and are classified into five anatomic groups: esophagus; stomach and duodenum; small intestine, colon, and rectum (lower gastrointestinal tract); liver and biliary tract including gallbladder; and pancreas. Patients who received a statin medication more than 1 month before surgery were regarded as being in the statin therapy group. Serial blood samples were obtained under fasting conditions before admission for scheduled surgery, as well as at admission. Total cholesterol levels were classified into four categories (quartiles) according to the guidelines of the American Heart Association (<159, 160-199, 200-239, and >240 mg/dl). The lower limit of the total cholesterol level was considered to be 160 mg/dl. Hypercholesterolemia (above 240 mg/dl) and borderline blood total cholesterol were generally accepted under the American Heart Association guidelines. These data and data from the surgical operation and clinical records were recorded in a database. Normal range of human serum albumin is 3.8-5.3 g/dl. Serum albumin levels were divided into five categories (<3, 3.1-3.5, 3.6-4, 4.1-4.5, and >4.6 g/dl) for further examination of the contribution of serum albumin. In this study, postoperative tissue and wound complications were defined as surgical site infections (SSIs) and pneumonia according to the Centers for Disease Control and Prevention (CDC) criteria [14, 15] . SSIs were divided into superficial and deep incisional SSIs and organ space SSI. These infectious diseases were identified by a search of clinical records or a medical database. Nosocomial infection surveillance was extended to 30 days after surgery. Postoperative mortality associated with surgery was monitored up to 60 days.
Statistical Analyses
Univariate relationships between biochemical variables and nosocomial infection were tested using odds ratios (ORs) and their 95 % confidence intervals (CIs). Logistic regression analyses were used to adjust for potential confounders. To assess the statistical significance of trends in the multivariate analyses, quartiles of serum total cholesterol levels, quintiles of serum albumin levels, and other variables were introduced in the logistic regression model. Data were analyzed using SPSS software (IBM Corp, Armonk NY, USA, SPSS statistic 21)
Results
A total of 2211 patients who underwent general surgical procedures were reviewed, including 1372 (62 %) men and 839 (38.0 %) women. The overall incidence of postoperative nosocomial infections was 14 % (n=316). Among these, superficial and deep incisional SSIs were most common (n=168; 7.6 %). The second most frequently seen infection was organ space SSIs (n=124; 5.6 %), and pneumonia was diagnosed in 73 patients (3.3 %). Postoperative mortality occurred within 60 days in 0.36 % (n=8). None of the preoperative variables were associated significantly with postoperative mortality in multivariate logistic regression analyses. Tables 2, 3 , and 4 show the significant parameters that were related to the development of superficial and deep incisional SSIs, organ space SSIs, and pneumonia in multivariate logistic regression analyses. The analysis of factors associated with the development of superficial and deep incisional SSIs following surgery disclosed that the lowest quartile (<159 mg/dl) total serum cholesterol level, low serum albumin (<4.0 mg/dl), and operation time (>300 min) were independent predictors of the development of infections ( Table 2 ). The duration of the operation (>300 min) and pancreatic surgery were significant predictors for the development of organ space SSIs (Table 3 ). Blood transfusion, esophageal surgery, American Society of Anesthesiologists (ASA) score, and the lowest quintile albumin levels were associated with the development of pneumonia in multivariate logistic regression analyses (Table 4) .
Both the lowest and highest total serum cholesterol levels were associated with a higher incidence of postoperative nosocomial infections (Fig. 1) . Pneumonia did not occur in the statin use group, and there was a decreased tendency to develop other infections. In particular, patients with normal total cholesterol levels (<200 mg/dl) using statin medications had a lower incidence of pneumonia (Fig. 2) .
Discussion
The findings of this study suggest an inverse relationship between total serum cholesterol levels and the incidence of nosocomial infections. In multivariate analysis, a statistically significant inverse association was noted between serum total ASA the American Society of Anesthesiologists, OR odds ratio, CI confidence interval cholesterol levels and the incidence of superficial and deep incisional SSIs. This relationship is shown in Fig. 1 . Serum total cholesterol levels did not correlate with the development of organ space SSI or pneumonia, which may partially explain the observed lower rates of these two types of infection. While the consequences of elevated cholesterol levels are well understood with respect to the increased risks of coronary disease and thromboembolic stroke, the nature and implications of associations between low serum cholesterol and noncardiovascular causes of death represent a complex problem and continue to be an active area of research [1, 2] . Hypocholesterolemia has also been associated with the development of nosocomial infections, especially during the postoperative period [16] [17] [18] . Several non-mutually exclusive explanations for the inverse association between total cholesterol and infections are possible. First, low total serum cholesterol may contribute to the development of infections. Circulating cholesterol-rich lipoproteins and triglyceride-rich lipoproteins have the capacity to bind and detoxify bacterial lipopolysaccharide (LPS) [10] . HDL has been shown to compete with LPS binding protein (LBP) for binding to LPS. The LPS-LBP complex attaches to the CD-14 receptor on cells, which, in turn, stimulates TNF production [6] . In vitro and in vivo models of endotoxemia in rodents have shown that lipoproteins, such as LDLs, VLDLs, HDLs, lipoprotein, triglycerides, and chylomicrons, can modulate the bioactivity of LPS [9] [10] [11] [12] . Second, cholesterol is the precursor of five major classes of steroid hormones. Cholesterol affects gluconeogenesis and immune function; its transport forms, the lipoproteins, also serve as vehicles for fat-soluble vitamins, antioxidants, drugs, and toxins. These hormones are synthesized from cholesterol mostly in the adrenal gland and gonads in response to tissuespecific trophic hormones. These steroidogenic tissues are unique in that they require cholesterol not only for membrane biogenesis, maintenance of membrane fluidity, and cell signaling but also as the starting material for the biosynthesis of steroid hormones [19, 20] . Cortisol levels are especially low in children with severe septic shock, which is not yet understood. Relative adrenal insufficiency may be involved in this mechanism [21, 22] . High cholesterol may be protective, possibly through a beneficial influence on the immune system.
Preoperative hypoalbuminemia is well known to be significantly associated with the development of and is an independent risk factor for the development of postoperative SSI [23] . Multivariate analysis of the relationship between serum albumin and the development of superficial and deep incisional SSIs showed that preoperative serum albumin <3.0 mg/dl increased the risk of SSI by 4.2-fold in this study. Numerous Fig. 1 The rate of postoperative nosocomial infections categorized by preoperative cholesterol level Fig. 2 The incidence of postoperative nosocomial infections in patients with total serum cholesterol <200 mg/d between those treated with and without statins studies have showed a high risk of developing pneumonia after esophageal surgery [24, 25] . Esophageal surgery was also shown to be a significant risk factor for the development of pneumonia in this study.
Hydroxymethylglutaryl coenzyme A reductase inhibitors (statins) are commonly prescribed medications. Consistently favorable results from randomized clinical trials strongly support the use of statins in the primary and secondary prevention of cardiovascular events [26, 27] . However, it has become clear that, in addition to their beneficial lipid-lowering effects, they are associated with a multitude of other pharmacological actions that may contribute to their clinical benefits; i.e., pleiotropic actions, including anticoagulant, immunosuppressive, and antiproliferative effects. These effects could conceivably affect wound healing or the risk of other wound complications after surgery or injury [28] . Prior therapy with statins has been associated with a significantly reduced risk of sepsis, including severe and fatal sepsis, and pneumonia [29] .
Hospital mortality rates for inpatient cancer surgery in the USAwere between 2.1 and 9.1 % from 2006 to 2007 [30] . This study showed lower mortality rates (n=8, 0.36 %) after surgery. There were no significant differences in the numbers of deaths. However, although they were not significant, it would be reasonable to consider that extremely low levels of total cholesterol are important in predicting in-hospital mortality after surgery.
To investigate the actual effect of statins on infection, the incidence of infections was compared between the statin-and non-statin-treated groups of patients whose cholesterol levels were <200 mg/dl. The use of statin medications might have helped to lower the lipid level in this group, more than the subgroup of patients whose cholesterol levels were over 200 mg/dl. The use of statins did not significantly suppress the development of superficial and deep incisional SSIs and organ space SSI. However, postoperative pneumonia did not occur in patients receiving statins (Fig. 2) . The results of this study did not demonstrate whether this is a consequence of the pleiotropic effect of statin medications or the innate cholesterol-producing ability of the patient because most patients discontinued statin use during the postoperative period. It is possible that preoperative use of statins may offer a protective effect for the prevention of pneumonia.
The main limitation of this study is that the patients were recruited during different time periods from two institutions. However, serum cholesterol and albumin levels exhibited reversed J-shaped relations with nosocomial infections in the two institutions. The clinical implications of these associations are difficult to predict at this time. However, the associations demonstrated here further illuminate the complex interplay of lipids and the development of infections, suggesting the need for further study and evaluation. Due to clinical efforts to control serum lipid levels to achieve beneficial cardiac effects, it is unreasonable to imagine that a patient with low lipid levels would be treated with extra fat to raise lipid levels prior to surgery. However, the targeting of extremely low levels of total cholesterol to realize the benefit of a lower incidence of vascular disease may have deleterious effects on patients undergoing elective surgery. Appropriate levels of total cholesterol should be determined for each individual patient, based on input from a variety of medical viewpoints. Screening lipid profiles in patients undergoing general surgical procedures may be a useful predictor of nosocomial infections after surgery. While this study has limitations, the data may provide a clue concerning the influence of cholesterol levels on the development of postoperative nosocomial infections.
